
CARBON MONOXIDE AND SMOKE DETECTION APPARATUS 

Related Application 
This is a continuation application of U.S. patent application Serial 

5 Number 09/058,467, filed April 9, 1998, entitled "CARBON MONOXIDE AND 
SMOKE DETECTION APPARATUS", which claims priority from provisional 
U.S. patent application Serial No. 60/055,009, entitled "SMOKE AND GAS 
DETECTORS," filed August 7, 1997, the subject matter and entire writings of 
which are incorporated herein by reference. 

10 
Field Of The Invention 

The present invention relates generally to detecting a condition in 
the environment. Particularly, the invention pertains to apparatus and methods to 
detect the presence of carbon monoxide and smoke in the atmosphere. 

15 
Background 

The threat of carbon monoxide poisoning has increased dramatically 
in the past decade. Carbon monoxide is a colorless, odorless, tasteless gas, making 
it virtually impossible to detect its presence. Carbon monoxide can be produced by 

20 various fuel burning appliances, such as, fuel fired furnaces, gas hot water heaters, 
gas stoves, gas dryers, space heaters, charcoal grills, fireplaces, vehicles, lawn 
mowers, or snow blowers. Once present, this gas circulates freely throughout a 
building, such as a home. If this gas is not ventilated properly, carbon monoxide 
poisoning may result. 

25 Carbon monoxide inhibits the blood's ability to carry oxygen to 
body tissue, including vital organs such as the heart and brain. When carbon 
monoxide is inhaled, it combines with oxygen-carrying hemoglobin of the blood to 
form carboxyhemoglobin. Once combined with the hemoglobin, the hemoglobin is 
no longer available for transporting oxygen. The amount of carboxyhemoglobin 

30 that builds up is a factor of the concentration of the gas being inhaled and the 
dui-ation of the exposure. 
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Carbon monoxide can act in the body in high concentrations, or 
slowly over a long period of time. Because it takes several hours to remove carbon 
monoxide from the body of a person, concentrations of carbon monoxide can 
gradually build up in the blood causing headaches, fatigue, dizziness, nausea, 

5 burning eyes, or unconsciousness. 
Devices for sensing carbon monoxide and triggering an alarm in the 

presence of excess concentrations of carbon monoxide are presently available. 
These CO detectors typically employ a soUd state sensor which purges itself and 
resamples for carbon monoxide on a periodic basis. However, conventional carbon 

10        monoxide detectors usually do not account for low levels of the carbon monoxide 
gas over long periods of time. Known detectors of this type are intended to be 
plunged into AC receptacles and are not battery powered. 

Other types of known CO detectors utilize biomimetic sensors. 
Such devices are battery powered and detect changes m opacity of the biomimetic 

15 material. 
In addition to being generated by operation of various products, 

carbon monoxide is produced along with smoke by fire. Fire detectors operate on 
different principles than do carbon monoxide detectors. Known fire detectors 
respond to heat, flame or smoke. 

20 The range of presently available products includes separate carbon 
monoxide and fire detectors. It would be useful if the sensing characteristics of 
these separate units could be incorporated into a single, easy to use, easily 
installed, multi-mode product. 

25 Summary Of The Invention 
In view of the above, the present invention provides methods and 

apparatus for monitoring the presence and changes in the concentration of carbon 
monoxide. A detector that embodies the invention may also detect the presence of 
smoke. 
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In one aspect, a combined smoke and CO detector is battery 
operated. The detector carries a carbon monoxide sensor that is sealed until it is to 
be used by a consumer. 

The CO sensor is carried within a housing and is not user 
5 replaceable. Removable tape seals the CO sensor until the detector is put into 

service. The sealing tape is applied when the carbon monoxide sensor is 
assembled. When a user places the detector into service the tape is removed 
thereby exposing the CO sensor to the ambient air. 

An ionization-type smoke sensor is also carried within the housing. 
10        Both sensors are coupled to a programmed processor. The detector is energized by 

a single replaceable battery. 
The process, in response to signals from the sensors, can produce an 

audible alarm indicative of the presence of carbon monoxide. A different audible 
alarm, for example in accordmice with NFPA standard No. 72, can be produced to 

15 indicate the presence of smoke. In one aspect, if both carbon monoxide and smoke 
are present, the processor can go immediately unto a fire alarm indicating state. 

In yet another aspect, a test circuit can be provided. For example, 
activating the test button can test each sensor sequentially. In this instance, 
appropriate audible alarms can be alternately produced. 

20 In one aspect, a smoke determination can be made independently of 
a CO determination. The smoke determination can predominate and force the 
generation of visible and audible alarms. 

Visual indicators of an alarm condition provide visual feedback to 
users. In one aspect, a symbol indicates if smoke is present and can be illuminated 

25 in the presence of detected levels thereof. Similarly, in the presence of pre-selected 
levels of carbon monoxide, a visual symbol indicative thereof can be illuminated. 
The visual indicators can be sequentially illuminated during a test sequence. 

In yet another aspect, the detector and both of the sensors can be 
energized by a single battery. For example, a removable battery door can be 

30 provided. If the door is mounted in a user accessible side of the detector it will be 
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possible to replace the battery with removing the detector from its mounted 
location. 

The detector periodically measures the output of a CO sensor. The 
detector subtracts each sampled CO sensor output from the previous sampled 

5        sensor output. The difference of between the successive sampled sensor outputs 
are summed. The detector unit determines the rate of change of the sampled sensor 
outputs to determine the level of CO in the atmosphere. The detector can actuate 
an alarm when a predetermined CO condition is detected. 

. The methods and applications of the present invention provide a 
10        highly efficient and low cost detector that is capable of detecting the presence of 

carbon monoxide at an early stage to allow persons to evacuate the area. The 
detector can also detect low concentrations of carbon monoxide over long periods 
of time. The detector unit may also detect the presence of smoke. 

The invention, together with fiirther attendant advantages, will best 
15 be understood by reference to the following detailed description of the presently 

preferred embodiments of the invention, taken in conjunction with the 
accompanying drawings. It is to be understood that both the foregoing general 
description and the following detailed description are exemplary and explanatory 
and are intended to provide ftirther explanation of the invention as claimed. 

20 
Brief Description of The Drawings 

FIG. 1 is a block diagram of a combined carbon monoxide and 
smoke detector; 

FIG. 1 a is a plan view of the detector; 
25 FIG. 2 is a block diagram illustrating arrangement of FIGs. 2-1 .. 2- 

4 which taken together are a schematic diagram of the detector of FIG. 1; 
FIG. 2a-l and 2a-2 taken together are a flow diagram of a main 

routine of the detector of FIG. 1; 
FIG. 3 is a flow diagram of a SUB-ROUTINE OF THE MAIN 

30 ROUTINE of FIGs. 2-a-l, -2; 
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FIG. 4 is a flow diagram of a POWER-UP sub-routine of the main 
routine of FIG. 2a-1, -2; 

FIG. 5 is a flow diagram of a WAKE sub-routine of the main 
routine of FIG. 2a-1, -2; 

5 FIG. 6 is a flow diagram of a RES 1 sub-routine of the main routine 
of FIG. 2a-l,-2; 

FIG. 7 is a flow diagram of a RESET sub-routine and a RESETl 
sub-routine of the main routine of FIG. 2a-1, -2; 

FIG. 8 is a flow diagram of a LOOP sub-routine of the main routine 
10 ofFIG.2a-l,-2; 

FIG. 9 is a flow diagram of aNEGl sub-routine of the main routine 
of FIG. 2a-l,-2; 

FIG. 10 is a flow diagram of a TESTR sub-routine of the main 
routine of FIG. 2a-l, -2; 

15 FIG. 11 is a flow diagram of a SMOKE CHECK sub-routine of the 
main routine of FIG. 2a-l, -2; 

FIG. 12 is a flow diagram of a TEST sub-routine of the main routine 
of FIG. 2a-l,-2; 

FIG. 13 is a block diagram of an alternate detector, carbon 
20 monoxide; 

FIG. 14 is a schematic diagram of the detector of FIG. 13; 
FIG. 15 is a flow diagram illustrating the general operation of the 

detector of FIG. 13; 
FIG. 16 is a flow diagram of a main routine of the detector of FIG. 

25 13; 
FIG. 17 is a flow diagram of a WAKE sub-routine of the main 

routine of FIG. 16; 
FIG. 18 is a flow diagram of a TESTER sub-routine and a BYEl 

sub-routine of the main routine of FIG. 16; 



-6- 

FIG. 19 is a flow diagram of an ACRl sub-routine of the main 
routine of FIG. 16; 

FIG. 20 is a flow diagram of a RESET sub-routine and a RESETl 
sub-routine of the main routine of FIG. 16; 

5 FIG. 21 is a flow diagram of a LOOP sub-routine of the main 
routine of FIG. 16; 

FIG. 22 is a flow diagram of a NEGl sub-routine of the main 
routine of FIG. 16; 

FIG. 23 is a flow diagram of a TEST sub-routine of the main routine 
10        of FIG. 16; 

FIG. 24 is a flow diagram of a BATl sub-routine of the main 
routine of FIG. 16; 

FIG. 25 is a flow diagram of an INSPECT sub-routine of the main 
routine of FIG. 16; 

15 FIG. 26 is a flow diagram of a POSl sub-routine, a ACC3 sub- 
routine, and ADJl sub-routine of the main routine of FIG. 16; 

FIG. 27 is a flow diagram of an ACCUM sub-routine and a SET6 
sub-routine of the main routine of FIG. 16; 

FIG. 28 is a flow diagram of a CHKSP sub-routine of the main 
20 routine of FIG. 16; 

FIG. 29 is a flow diagram of a SHOW sub-routine and a NOSHOW 
sub-routine of the main routine of FIG. 16; 

FIG. 30 is a flow diagram of a XMITR sub-routine of the main 
routine of FIG. 16; 

25 FIG. 31 is a flow diagram of a TIME sub-routine and TIME 1 sub- 
routine of the main routine of FIG. 16; 

FIG. 32 is a flow diagram of a DELOOl sub-routine, of the main 
routine of FIG. 16; 

FIG. 33 is a flow diagram of a DEL225 sub-routine, and a 
3 0 DELPROG sub-routine of the main routine of FIG. 16; 
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of the main routine of FIG. 16; 
FIG. 34 is a flow diagram of a CLRREG sub-routine of the main 

routine of FIG. 16; and 
FIG. 35 is a flow diagram of a Ml 6 sub-routine of the main routine 

5        of FIG. 16. 

Detailed Description Of The Preferred Embodiments 
Before explaining the present embodiments in detail, it should be 

noted that the invention is not limited in its application or use to the details of 
10 construction and arrangement of parts illustrated in the accompanying drawings 

and description, because the illustrative embodiments may be implemented or 
incorporated in other embodiments, variations and modifications, and may be 
practiced or carried out in various ways. Furthermore, unless otherwise indicated, 
the terms and expressions employed herein have been chosen for the purpose of 

15 describing the illustrative embodiments for the convenience of the reader and are 
not for the purpose of limitation. 

Referring now to the drawings and particularly to FIG. 1, a block 
diagram of a preferred embodiment of a detector 50 is illustrated. The detector 50 
is a battery powered, single station, self-contained smoke and carbon monoxide 

20 alarm detector. The detector 50 detects the presence and concentration of carbon 
monoxide in the atmosphere and provides a warning to indicate a hazardous 
condition of carbon monoxide. The detector 50 also detects the presence of smoke 
in the air and provides a warning to indicate the presence of smoke. 

As shown in FIG. 1, the detector unit 50 includes a housing 50a, 
25 control circuitry 100, an ionization sensing chamber, electronic measurement and 

control circuitry 110, audible and visual indicators, power circuitry, test/silence 
circuitry, temperature compensation circxxitry, reset circuitry, low voltage detection 
circuitry, test switch/hush circmtry, output circuitry, interconnect circuitry and 
oscillator circuitry. Although it is shown as being constructed with various types 

30 of independent and separate iinits or devices, the detector 50 may be implemented 
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utilizing one or more integrated or logic circuits, or a microprocessor which may 
be programmed to execute the operations or functions equivalent to those 
performed by the circuitry units shown. It is also contemplated that the detector 
can be carried out with any suitable hardware components and circuitry designs, 

5        computer programming, or a combination thereof. 
FIG. la shows a front plan view of the housing of the detector unit 

50. The housing includes a CO alarm indicator 50a, a smoke alarm indicator 50b, 
a low battery indicator 50c, and a service status visual indicator 50d. The housing 
also preferably includes a single test/silence button as further illustrated below. 

10 With respect to FIGS. 1 and 2, the control circuitry 100 of the 
detector 50 includes a processing unit 102. As shown in FIG. 2, the processing 
unit 102 includes a Microchip PIC16C57, available from microchip. The 
processing imit 102 preferably has a 2MHz internal clock. Read Only Memory 
(ROM), Random Access Memory (RAM), and a plurality of input/output (I/O) 

15 pins. The processing unit 102 controls the overall operation of the detector unit 50 
and processes information to determine a ha2ardous condition of carbon monoxide 
or smoke in the atmosphere. It will be understood that a variety of processing units 
or processors could be used without departing from the spirit and scope of the 
present invention. 

20 The processing unit 102 preferably spends most of its time in a 
"sleep" mode in order to save power. While the processing unit 102 is in the 
"sleep" mode, the detector 50 typically consumes about 5 yuA of current. 
In the sleep mode, the internal clock of the processing unit 102 is disabled and the 
program counter is stopped. 

25 The processing imit 102 can be "awakened" either by an external 
low level signal on pin 28 of the processing unit 102 or an internal reset initiated 
by an on-board watchdog timer. The watch dog timer is preferably used as an 
operational cycle clock to awaken the processing unit 102 about every 3 seconds to 
increment a time counter which requires about 2 \xA. 
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The processing unit 102 takes sensor samples about every 30 
seconds, battery and built-in tests occur about every 10 minutes. In order to limit 
the current drain of the detector unit 50 below 15 ^lA, the current used for sensor 
sampling cycle (which occurs once about every 30 seconds for approximately 25 

5        ms) is usually kept to an average of about 5-6 [lA. Unless the detector unit 50 is 
taking a sensor sample, checking the battery, performing a built-in test, or 
preforming a user-initiated push-button test, the processing unit 102 will usually 
not be turned on for more than 25 ms before the processing unit 102 is put back to 
sleep. 

3      10 The electronic measurement circuitry 110 preferably includes 
' r carbon monoxide detection circuitry 112, smoke detection circuitry 114, and 

smoke calibration circuitry 116. The carbon monoxide detection circuitry 112 
monitors the presence or absence of carbon monoxide. When initially assembled a 
gas input port of the sensor 112 is covered by a removable protective tape 112a to 

r"      15 prevent contamination. The tape 112a is removed by the user when the detector 50 
^ is first activated. 

As shown in FIG. 2, the carbon monoxide detection circuitry 112 
includes resistors R16, R17, R33, and R34, a capacitor C5, a transistor Q2, and a 
biomimetic sensor SI. Preferably, the resistors R16, R17, R33 and R34, are about 

20 lOOCl, 330Kn, 3.3KQ and IKD, respectively, and the capacitor C5 is preferably 
about 0.022 ^F. 

The sensor SI of the carbon monoxide detection circuitry 112 is 
utilized to detect the presence or absence of carbon monoxide in the surrounding 
atmosphere. The sensor SI includes an infrared IR LED, a sensing device and a 

25 photo diode. The sensing device S1 is preferably a passive component that 
requires no additional power for its operation. The sensor SI is preferably a S30 
model, manufactured by Quantum Group. 

Temperature compensation circuitry or resistor/thermistor network 
150 drives the IR LED of the sensor SI and acts as a constant current source, 

30 eliminating variations in the light output of the sensor SI which might otherwise be 
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imparted by changes in the battery vohage. The temperature compensation or 
circuitry 150 preferably includes resistors R18 and R20 and thermistor THl. The 
resistors Rl 8 and R20 are each preferably about 33Q.. When the ambient 
temperature varies, changes in the impedance of the thermistor THl adjusts the 

5 current supplied to the IR LED of the sensor S1, stabilizing the light output. 
The light emitted (940 nm) by the IR LED is passed through the 

sensor and detected by the photo diode to provide a measure of the absorbency of 
the sensor. Because the sensor darkens when exposed to carbon monoxide, 
increased absorbency of the light energy of the LED can be utilized to detect the 

10        presence of carbon monoxide in localized atmospheric environments, such as, for 
example, inside homes, offices, etc. As carbon monoxide molecules are absorbed 
by the sensor, the sensor becomes more opaque. In the absence of the carbon 
monoxide in the atmosphere, the sensor releases previously absorbed molecules (if 
any present) becoming more transparent in the process. 

15 The photo diode of the sensor S1, the capacitor C5, the resistor Rl 6, 
and the processing unit 102 comprise a pseudo analog-to-digital (A/D) converter 
capable of measuring the absorbency of the sensor SI with precision. The 
processing xmit 102 receives and processes data on pin 9 supplied by the A/D 
conversion to determine the level of carbon monoxide present in the surrounding 

20 atmosphere. The pseudo A/D process measures the time needed to charge the 
capacitor C5 when the IR LED of the sensor SI is enabled. 

Initially, before the IR LED is enabled, any residual charge on the 
capacitor C5 is discharged to ground through the resistor R16 to pin 8 of the 
processing vinit 102. Pin 8 of the processing unit 102 is then configured as a high 

25 impedance state input. The IR LED of the sensor device SI is enabled through pin 
13 of the processing unit 102 and a software timer in the processing unit 102 is 
started. 

The processing unit 102 supplies a constant bias voltage level to the 
photo diode of the sensor SI. The voltage level is nearly the full value of the 

30 power supply voltage W^c since, even at the highest level of photo diode current, the 
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voltage drop internal to the processing unit 102 (from supply pin 14 of the 
processing unit 102 to the output on pin 2) is minimal. 

Because the charging current induced in the photo diode PD is 
nearly constant (over relatively short sampling intervals), the voltage on the 

5        capacitor C5 rises linearly over time. When the ramping voltage of the capacitor 
reaches about 0.85 Vcc, the software timer is terminated and a sampling time (ST) 
count is thereby obtained. 

The absorbency of the sensor is sampled once about every 30 
seconds. Each time the sensor absorbency is sampled, the sampling time value is 

10 compared with predetermined or programmable limits. 
If the sensor is too light or too dark or sample time is too short or 

too long, a FAULT routine, as further described below, is initiated by the detector 
unit 50. Otherwise, the current value of the sample is compared with the value 
from the previous sample measurement, and the difference is stored in one of a 

15 plurality of storage registers. Subsequently, the storage registers are summed, and 
the value is placed in a svim register and also added to an alarm register. 

The discrete sampling time values of the sensor SI are measured 
over time by an the processor 102 as jfurther described below. Since the light 
output for the LED of the sensor SI is virtually constant over time, temperature, 

20 and voltage, the only mechanism by which the sampling time can change is relative 
absorbency of the sensor S1. When the concentration of carbon monoxide in the 
atmosphere surrounding the sensor increases, the sensor darkens and iterative 
sample times measured by the A/D converter lengthen or increase. 

The sample time rate-of-change (dST/dt), is monitored by the 
25 processing unit 102, and its magnitude is used to trigger an "alarm" condition (i.e., 

a high level alarm) when the carbon monoxide levels present a hazardous 
condition. The sensor SI also responds to various carbon monoxide concentrations 
in the manner consistent with the ULT034 standard. 

A status flag (i.e., ALARM FLAG) is set when the value in the 
30 alarm register reaches full scale (i.e., 255 decibel). At this time a high level alarm 
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is issued. When the carbon monoxide drops below about 50 ppm, the sensor 
begins to lighten and the values in the sum register become negative, causing a 
reduction in the value stored in the alarm register. If the value in the alarm register 
falls to about 48 or below, the sample, flag, and alarm registers in the high level 

5 alarm will be cleared, and the detector unit 50 will resume normal operation. 
The A/D converter operation of the carbon monoxide detection 

circuitry 112 is verified by the processing vmit 102 on power-up and about every 10 
minutes thereafter (i.e., about every 20 sensor sampling cycles). The integrating 
capacitor C5 of the carbon monoxide detection circuitry 112 is discharged, and 

10        then allowed to charge by current supplied by pin 6 of the processing unit 102 
through the A/D test resistor R17. 

The software timer of the processing unit 102 executes a sample 
time measurements and the resultant value has to lie within program limits. This 
test checks for excessive leakage, shorting, or improper operation of the A/D 

15 measurement components. Any failure sets a fault flag and a fault condition is 
annunciated to notify the user. 

The smoke detection circuitry 114 of the electronic measurement 
circuitry 110 detects the presence of smoke in the atmosphere. The smoke 
detection circuitry provides a signal to the processing imit 50 that generates a 

20 warning signal. 
As shown in FIG. 2, the smoke detection circuitry 114 preferably 

includes a smoke detector Dl, a smoke comparator unit U2, capacitors C3, CIO, 
and C14, and resistors R2, R3, R4, R5, R28, and R30. The smoke comparator unit 
U2 is preferably a comparator such as Model No. SC4141IPK available from 

25 Motorola (comparable to MCI4467). The capacitors C3, CIO, and CI4 are each 
preferably about 0.1 |nF, and the resistors R2, R3, R4, R5, R28, and R30 are 
preferably about l.SMQ, 8.2Kfi, 1.5KQ, 470102, IMQ, and 33 Q, respectively. 

The smoke detector Dl preferably includes a single source dual 
ionization chamber CI having an active chamber CI, a sensing electrode El, and 
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an ion chamber II. A 1.0 |jCi maximum source of American 241 is employed in 
the ionization chamber. 

The active chamber CI is connected to ground by the parallel 
combination of the resistor R28 and the capacitor CIO. The capacitor CIO 

5        provides transient protection for the active chamber C1, and the resistor R28 allows 
the active chamber CI of the smoke detector Dl to be raised above ground by pin 
18 of the processing unit Id SW3 are closed, 3.3 volts is appHed by pin 18 of the 
processing imit 102 to the resistor R28 to simulate about 40-50 pA MIC. 

The sensing electrode El of the smoke detector Dl is connected to 
10 the non-inverting input (pin 15) of the smoke comparator unit U2. The connection 

of the sensing electrode, a very high impedance point, to the non-mventing input is 
preferably a flying connection to minimize leakage effects due to the presence of a 
printed circuit board. 

Pins 14 and 16 of the smoke comparator imit U2 are connected 
15 together internally to a voltage follower of a non-inventing input of the smoke 

comparator unit U2 to provide an active guard output. This active guard reduces 
the effect of leakage between non-inventing input of the smoke comparator unit U2 
and adjacent pins. 

An alarm feedback pin (pin 1) of the smoke comparator imit U2 is 
20 monitored by the processing unit 102 to determine if a smoke condition exists. 

The feedback pin is preferably pulled to about 3.3 volts by a pull-up resistor R5 in 
a clean air condition. When smoke is present, the voltage across the dual chamber 
decreases and the voltage at the sensing electrode El increases. 

The alarm feedback pin of the smoke comparator imit U2 will 
25 change to a low level state which is then read by the processing unit 102. The 

processing unit 102 will then go into a smoke alarm mode and turn on a smoke 
horn. The horn pattern consists of an active phase lasting about 0.5 seconds +/- 
10% followed by an off-phase lasting about 0.5 seconds +/- 10%, for three 
successive active periods, which are then followed by an off-phase lasting about 
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1.5 seconds +/-10%. This pattern is comparable to that specified by NFPA 72. 
Other patterns can be stored in the processor to use as needed. 

The circuitry 114 establishes, using an alarm threshold established 
thereby, if enough smoke is present to warrant generating a smoke alarm. If so, the 

5        two state smoke alarm output signal goes fi-om a high to a low which is indicative 
of a smoke alarm state. The processor 102 will in turn activate the visible and 
audible smoke alarms. This is completely independent of processing for the 
presence of CO. 

The smoke calibration circuit 116 of the electronic measurement 
10 circuitry 110 preferably includes resistors R14, R32, and R36. The resistors R14, 

R32, and R36 are preferably IMH, IMQ, and 1.5M Q. The resistors R14, R32, 
and R36 preferably form a resistive divider to provide a reference voltage for the 
inverting input (pin 13) of the smoke comparator unit U2. The voltage division at 
the inverting input is designed so that under clean air conditions the two inputs are 

15 different to provide a nominal sensitivity of 67 pA MIC and that no alarm results. 
On power-up of the detector 50, and about every 24 hours 

thereafter, proper smoke detector operation is verified by the processing unit 102. 
Initially, the resistor R28 of the smoke calibration circmtry 116 is raised above 
circuit groimd by pin 18 of the processing unit 102. As a result, the voltage across 

20 the dual chamber of the detector Dl is lowered and the voltage at the sensing 
electrode El is raised. 

The processing xmit 102 applies about 3.3 volts to the resistor R28 
to simulate about 40-50 pA MIC. The processing xmit 102 then monitors the 
output of Ihe smoke comparator U2 about every 10 seconds or less. Any failure of 

25 the smoke comparator U2 sets the fault flag and a fault condition is annimciated to 
notify the user. 

A manual test mode is also provided for by the detector imit 50. 
This test mode is activated by the user, who simply pushes a test/silence button on 
the face of the detector unit until a horn chirp is issued and a yellow service LED 

30 flashes. Once the test mode is entered, the processing unit 102 applies 3.3 volts to 
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the resistor R28 of the smoke detection circuitry 114 to simulate about a 40-50 pA 
MIC. The processing unit 102 then monitors the output of the smoke comparator 
unit U2 Every 10 seconds or less until it is pulled low, which signifies a smoke 
condition. Any failure sets a fault flag and a fault condition is annunciated to 

5 notify the user, and the carbon monoxide test is terminated. 
If the output of the smoke comparator unit U2 is at a low level state 

before timing out, the processing unit 102 will emit one cycle of the smoke alarm 
pattern. If the detector unit 50 passes, the processing unit 102 pauses for about one 
second to separate smoke and carbon monoxide tests. Then each green or yellow 

10        flash of a power LED depending on the battery status is preceded by a sensor 
sample cycle. Each of these samples is taken with pin 6 of the processing unit 102 
configured as an input pulled to ground, stealing current through the resistor R33 
of the carbon monoxide detection circuitry 112 which is normally supplied by pin 
13 of the processing unit 102 to the base of transistor Q2. This activity "starves" 

15 the respective LED, reducing the light admitted through the sensor, and effectively 
simulates a carbon monoxide exposure, filling the alarm register with about 3 to 5 
sample cycles. A successful manual test results in a self-induced high level alarm 
state which is enabled for two cycles of the alarm pattern (i.e., on for 1.5 seconds 
and off for 1.5 seconds) indicating that the detector unit 50 is operating properly. 

20 The audio and visual indicators 120 of the detector 50 are used in 
conjunction with various self-tests and user-initiated tests to indicate when the 
detector unit 50 is operating normally or has a problem which requires service. 
The audio and visual indicators 120 also alert persons nearby when smoke and 
carbon monoxide concentrations are unhealthy or dangerous. The audio and visual 

25 indicators 120 include carbon monoxide alarm indicator circuitry 122, smoke alarm 
indicator circuitry 124, horn driving circuitry 126, service indicator circuity 128, 
and power/low battery indicator circuitry 129. 

The carbon monoxide alarm indicator circuitry 122 of the audio and 
visual indicators 120 preferably includes an indicator light LED2 and resistor R12. 

30 The light emitting diode LED2 is preferably a red light emitting diode (LED), and 
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the resistor RI2 is about 180 Q. The carbon monoxide alarm indicator circuitry 
112 is electrically coupled to pin 23 of the processing unit 102. The processing 
unit 102 activates the indicator light LED2 by pulling pin 23 to a low level state to 
provide a current path (typically, about 8 mA) from the power source through the 

5 indicator light LED2 and the current limiting resistor Rl 2 to ground. 
The smoke alarm indicator circuitry 124 of the audio and visual 

indicators 120 preferably includes an indicator light LED3 and a resistor R13. The 
indicator light LED3 is preferably a red light emitting diode (LED), and the resistor 
R13 is about 180 Q. Hie smoke alarm indicator cu-cuitry 124 is electrically 

10 coupled to pin 22 of the processing unit 102. The processing unit 102 activates the 
indicator light LED3 by pulling pin 22 to a low level state to provide a current path 
(typically, about 8 mA) from the power source through the indicator light LED3 
and current limiting resistor R13 to ground. 

The horn driving circuitry 126 of the audio and visual indicators 
15 120 preferably includes a power oscillator U4, a piezoelectric alarm H1, resistors 

R19, R25, R37 and R38, and transistor Q4. The power oscillator U4 is preferably a 
MCI4049VBCP available from Motorola is a known type used with smoke 
detectors. The resistors R19, R25, R37, and R38 are preferably about 1.5MQ, 
1.5MQ, IKO, and IKH, respectively, the capacitor C7 is preferably about 0.0022 

20 nF. 
The piezoelectric alarm HI is driven by the power oscillator U4. 

Pin 2 of the piezoelectric alarm allows the power oscillator to resonate at a 
particidar frequency, preferably within a range of about 3.5 kHz. In order to turn 
the piezoelectric alarm HI on, the processing unit 102 sets output pin 11 to a high 

25 level state, putting the transistor Q4 into saturation, effectively connecting pin 8 of 
the power oscillator U4 directly to groimd. 

In operation, the detector imit 50 has a special alarm silencing 
function that can be initiated by the user to silence the alarm. Hiis function is 
activated by pressing a test/silence button on the detector unit 50. When the 

30 detector is in a smoke alarm state, pressing the button will put the detector unit into 
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a silence mode. This mode will silence the horn for about 8 minutes. During this 
time, the light indicator LED3 of the smoke alarm indicator circuitry 124 will 
remain on. Pressing the test/reset button again while in silence mode, will reset a 
silence interval timer. 

5 When in silence mode, the processing unit 102 desensitizes the ion 
chamber II by turning on the transistor Q5 of the hush/test circuitry 130, pulling 
the ion chamber to groimd. Increasing levels of smoke will kick the processing 
unit 102 out of hush mode and continue with a smoke alarm condition. 

When the detector is in a high level carbon monoxide alarm state, 
10 pressing the test/reset button will silence the horn for about 4 minutes. However, 

the light indicator LED2 of the carbon monoxide indicator circuitry 122 will 
remain on. The high level carbon monoxide alarm can be silenced only one time. 

The power circuitry 130 of the detector unit 50 provides power to 
the various components of the detector unit 50. The power circuitry 130 includes a 

15        power supply and filter circuitry 132, reverse bias protection circuitry 134, and 
voltage regulator and filter circuitry 136. The power supply and filter circuitry 132 
preferably includes a 9 volt battery Bl and a capacitor C2. Preferably, the battery 
Bl supplies power (i.e., about 8.4 volts) to the smoke comparator unit U2 and 
other associated circuitry. The battery is preferably a 9 volt alkaline type and the 

20 capacitor C2 is about 0.1 \xF. 
The voltage regulator and filter circuitry 136 of the power circuitry 

130 preferably includes a voltage regulator Ul, and capacitors C8 and C9. The 
voltage regulator Ul supplies a regulated 3.3 VDC to the processing unit 102 and 
its associated circuitry. The 3.3 volt level minimizes overall current drain in the 

25 detector imit, which is typically about 5-7 |uA. The voltage regulator Ul is 
preferably a Seiko S81233SG and the capacitors C8 and C9 are about 2.2 jxF and 
0.1 |a.F, respectively. 

The reset circuitry 160 of the detector 50 insures proper reset of the 
processing unit 102 when the battery Bl is removed by discharging any 

30 capacitance on the output of voltage regulator Ul. The reset circuit 160 of the 
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detector unit 50 preferably includes resistors R26, R27, R31, and R40, a capacitor 
CI3 and a transistor Q3. The resistors R26, R27, R31, and R40 are preferably 
about 3.9K£^, lOMQ, 33KD, and lOM O, respectively, the capacitor C13 is about 
0.1 (xF. 

5 The reverse bias protection circuitry 134 of the power circuitry 130 
provides protection for the circuitry of the detector unit 50 when the battery is 
installed improperly. The reverse bias protection circuitry 134 preferably includes 
a diode D5 and a resistor R35. The diode D5 of the reverse bias protection 
circuitry 134 prevents any damaging current flow through the voltage regulator Ul 

10        and the capacities C2, C8, and C9 if the battery is installed backwards. The 
resistor R35 is about IKQ. 

The resistor R35 of the reverse bias protection circuitry 134 limits 
cxirrent through a voltage detector U3 to a non-damaging level when the battery Bl 
is installed backwards, but is not large enough to substantially effect the level of 

15 the battery voltage at the input (pin 2) of the voltage detector U3. The quiescent 
current drain through the voltage detector U3 is typically about 1 /uA, creating a 
voltage drop across the resistor R32 of only about 0.001 Y^^- 

About once every 10 minutes or every 20 operation cycles, the 
battery Bl is tested to insure it retains sufficient capacity to sustain operation after 

20 a low battery condition is detected as specified by UL2034 standards. During this 
test, the processing unit 102 enables the IR LED of the sensor SI for lOmS (which 
consumes about 20 mA) to load the battery for an accurate measurement. 

Before turning the IR LED off, the processing unit 102 samples the 
state of pin 1 of the voltage detector U3. When the battery level imder load 

25 exceeds 7.5 Y^^ (the trip point of the voltage detector U3), the resistor R23 pulls up 
the open collector output (pin 1) of the voltage detector U3 to 3.3 volts. As a 
result, a high logic level is detected by pin 16 of the processing unit 102, which 
indicates the presence of a sufficient battery level. On the other hand, if the battery 
level under load is less than 7,5 Y^o the open collector output of the voltage 

30 detector U3 will be pulled to ground, causing pin 16 of the processing unit 102 to 
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detect a low logic level. In this case, the processing unit 102 sets a LOW 
BATTERY flag and indicates this condition to the user. 

FIGS. 2a-1, 2a-2 taken together illustrate as, a flow diagram a 
general overview of the operations carried out by the detector 50. As shown in 

5 FIG. 2a-1, afl:er the detector 50 is awakened at block 250a or the detector 50 is 
powered up at block 250b, the detector 50 initializes a watchdog timer and 
initializes one or more ports at block 250c. At block 250d, the detector 50 
determines whether it was just powered up. 

If the detector 50 was just powered up, it sets a power-up delay at 
10 block 250e. At block 240f, the detector 50 initializes one or more counters, clears 

one or more sample registers, clears one or more flag registers, and clears the alarm 
register. The detector 50 then obtains an initial sensor count at block 250g and 
then goes into the sleep mode at block 250h. 

If the detector 50 was not just powered up at block 250d, it will 
15 determine whether there is a smoke alarm condition a block 250i (based on a 

binary, low, output signal for comparator U2). If there is a smoke alarm condition, 
the detector 50 will flash the LED3 of the smoke indicator circuitry 124 and sound 
the smoke horn pattern at 250j. The process then proceeds to block 250k as fiirther 
described below. 

20 If a smoke alarm condition is not detected at block 25 Oi, the detector 
50 will determine whether a manual test has been initiated at block 250k. If a 
manual test has been initiated, the detector 50 will perform the manual test and 
then go into the sleep mode at block 250h. 

If a manual test has not been initiated at block 250k, the detector 50 
25 determines whether to perform a 30 second CO sample at block 2501. If the 

detector 50 does not have to obtain a 30 second sample, it will go into the sleep 
mode at block 250h. 

If the detector 50 has to obtain a 30 second sample at block 2501, 
that sensor count is attained at block 250m and then the detector 50 determines 

30 whether to perform a 24 hour smoke test at block 25 On. If a 24 hour smoke test is 
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to be performed, the detector 50 tests the smoke alarm indicator circuitry 124. The 
process then proceeds to block 250q as further described below. 

If a 24 hour smoke test is not to be performed at block 250n, the 
detector determines whether to perform a 10 minute A-to-D test at block 25 Op. If 

5 the detector 50 does not have to perform the 10 minute A-to-D test, the process 
proceeds to block 250r as further described below. 

If the A-to-D test is to be performed at block 250p, the detector 50 
tests the A-to-D circuitry at block 250q. The detector 50 then checks the carbon 
monoxide rate of change at block 250r and determines whether to activate the 

10 carbon monoxide alarm at block 250s. This determination is independent of the 
output of the smoke detector circuit U2. 

If the carbon monoxide alarm detector is to be activated, the 
detector 50 will determine whether to also activate a smoke alarm at block 250t. If 
the smoke alarm is not to be activated, the detector 50 will flash the light indicator 

15 LED2 of the carbon monoxide alarm indicator circuitry 122 and soimd the carbon 
monoxide horn pattern at block 250u. 

If the smoke alarm is to be activated at block 250t, the detector 50 
will turn off the light indicator LED2 and turn off the carbon monoxide horn 
pattern. The process will then proceed to block 250x as further described below. 

20 If the carbon monoxide alarm is not to be activated at 250s, the 
detector 50 will turn off the light indicator LED3 of the carbon monoxide alarm 
indicator circuitry 122 and the carbon monoxide horn pattern at block 250w. At 
block 250x, the data will be examined and the detector 50 will determine whether 
there are any favilts at block 25 Oy. 

25 If there are no faults, the detector unit 50 will go into the sleep mode 
at block 250h. If faults are detected at block 250y, the detector 50 will determine 
whether the carbon monoxide or smoke alarm has been activated at block 250z. If 
the carbon monoxide or smoke alarm is activated, the processing unit 102 will go 
into the sleep mode at block 250h. If the carbon monoxide or smoke alarm is not 
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activated, the detector unit 50 will initiate a trouble chirp at block 250aa and then 
go into the sleep mode at block 250h. 

FIGS. 3 through 12 illustrate detailed flow diagrams of the 
operations carried out by the detector 50. FIG. 3 illustrates a main routine 300 of 

5 the process carried out by the detector 50 to implement various tests, alarm 
conditions, and smoke and carbon monoxide checks. Initially, the detector unit 50 
sets a wake-up time at block 302. The detector unit 50 sets the wake-up time at 
about 3 seconds for normal mode, about 1.5 seconds for alarm mode, and about .75 
seconds for test mode. The detector unit 50 then initializes ports A-C at block 304 

10 and then determines whether a TIME OUT bit has been cleared at block 306. If the 
TIME OUT bit has been cleared, the process proceeds to the WAKE sub-routine as 
further described below. 

If the TIME OUT bit has not been cleared at block 306, the detector 
50 determines whether a POWER DOWN bit has been set at block 312. If the 

15 POWER DOWN bit has not been set, the process proceeds to a POWER UP 
routine as fiirther described below. If the POWER DOWN bit is set at block 312, 
the detector unit 50 increments a SPECIAL TEST counter at block 314 and then 
determines whether the SPECIAL TEST counter is greater than 2 at block 316. If 
the SPECIAL TEST counter is greater than 2, the process proceeds to the WAKE 

20 sub-routine. If the SPECIAL TEST counter is not greater than 2 at block 324, the 
detector unit 50 initializes a TEST counter, sets a START flag at block 318, and 
then proceeds to a LOOP sub-routine as further described below. 

FIG. 4 illustrates a POWERUP sub-routine 320. When the detector 
50 is initially turned on, the POWERUP sub-routine initializes various counters, 

25 registers, and flags. At block 320a the detector 50 initializes a WAKE UP counter, 
a SAMPLE counter, and a TEST counter. The detector 50 then clears the registers 
and flags and sets a START flag a block 320b. The detector 50 then waits about 
255 ms at block 320c and sets the ALARM TOGGLE counter CTR equal to 4 at 
block 320d. The detector 50 clears the ALARM register at block 320e and then it 

30 goes into the sleep mode. 
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FIG. 5 illustrates a WAKE sub-routine 330 that is carried out when 
the detector 50 is awakened from the sleep mode. At block 330a, the detector 50 
determines whether the TEST mode flag is set. If a TEST mode flag is set, the 
process proceeds to a RESUMET sub-routine 330b. During the RESUMET sub- 

5 routine 3306, the detector 50 is kept STARVED (as described above) at block 
330c, the yellow light is kept on at block 330d, and the WAKE UP counter is set 
equal to 1 at block 330e. The detector unit 50 then determines whether the 
ALARM flag is set at block 330f. If an ALARM flag is set, the process proceeds 
to a RESET sub-routine as further described below. If the ALARM flag is not set, 

10 the process proceeds to a LOOP sub-routine as further described below. 
If the TEST mode flag is not set at block 330a, the detector 50 

determines whether the ALARM flag is set at block 330c. If the ALARM flag is 
set, the detector 50 determines whether there is a smoke or carbon monoxide 
condition at block 330d. If the ALARM flag is not set at block 330c, the detector 

15 50 determines whether the TEST switch is pressed at block 330e. If the TEST 
switch is not pressed, the process proceeds to a BYEl sub-routine as further 
described below. 

If the TEST switch is pressed at block 330e, the detector 50 saves 
the ALARM register at block 330f, sets a TEST flag, sets a WAKEUP counter 

20 equal to 1, and turns on the yellow LED4 of the power/low battery indicator 
circuitry 129 at block 330g. The detector 50 then determines whether the battery 
level is low at block 330h. If the battery level is not low, the green LED4 of the 
power/low battery indicator circuitry 129 is turned on at block 3301. 

If the battery level of the detector 50 is low at block 3 3 Oh, the 
25 detector turns on the yellow LED at block 330j. The detector then simulates a 

smoke alarm and turns on the smoke LED3 of the smoke alarm indicator circuitry 
124 at block 3 3 Ok and sound a smoke alarm pattern at block 3301. The detector 
unit then turns off the smoke LED and simulates the carbon monoxide alarm at 
block 330m. The detector 50 now turns on the carbon monoxide alarm horn 

30        pattern and the LED2 of the carbon monoxide alarm indicator circuitry 122 at 
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block 330n. Thereafter, the detector 50 turns off the carbon monoxide alarm and 
the carbon monoxide alarm LED3 at block 330o. The detector will then enter the 
sleep mode. 

FIG. 6 illustrates, a RSI sub-routine 340. The reset sub-routine 340 
5 is utilized to flash the red and yellow LEDS as CO samples are taken during the 

test function and soimd the alarm when the circuitry has passed the self test. At 
block 340a, the detector 50 determines whether a QUIET flag is set. If the QUIET 
flag is set, the detector 50 turns off a BEEPER at block 340b, reloads a TOGGLE 
register at block 340c, and turns off the red LED2 and yellow LED3 at block 340d. 

10 If the QUIET flag is not set at block 340a, the detector 50 
decrements the TOGGLE register at block 340e and then determines whether the 
TOGGLE register is equal to zero at block 340f If the TOGGLE register is equal 
to zero, the process proceeds to block 340b as described above. 

If the TOGGLE register is not equal to zero at block 340f, the 
15 detector 50 turns on the BEEPER at block 340g and turns on the red LED2 and 

yellow LED3 at block 340d. Subsequently, the process proceeds to the BYEl sub- 
routine as further described below. 

FIG. 7 illustrates a RESET sub-routine 350 and a RESETl sub- 
routine 355. The RESET sub-routine and RESETl sub-routme are utilized to 

20 restore registers after a manual test. 
When the detector 50 carries out the RESET sub-routine 350, it 

restores the ALARM value at block 350a, reloads the WAKEUP counter at block 
350b, and calls CLRREG at block 350c. The process then proceeds to a SHOW 
sub-routine as further described below. 

25 When the detector 50 carries out the RESETl sub-routine 355, it 
reloads the wake-up counter at block 350b and calls CLRREG at block 250c. The 
process then proceeds to the SHOW sub-routine. 

Referring now to FIG. 8 illustrates a LOOP sub-routine 360. The 
LOOP sub-routine is utiUzed to determine if the CO alarm flag is set during a test, 

30 or if more samples must be taken. 
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At block 360a, the detector unit 50 retrieves the TIME and then 
determines whether the carbon monoxide ALARM flag is set at block 360b. If the 
carbon monoxide ALARM flag is set, the process proceeds to a L00P2 sub- 
routine as further described below. 

5 If the carbon monoxide ALARM flag is not set at block 360b, the 
detector determines whether the TEST flag is set at block 360c. If the TEST flag is 
set, the process proceeds to the L00P2 sub-routine. 

If the TEST flag is not set at block 360c, the detector decrements 
the TEST counter at block 360d and then determines whether the TEST counter is 

10 equal to zero at block 360e. If the TEST counter is not equal to zero, the process 
proceeds to the LOOP2 sub-routine. If the TEST counter is equal to zero, the 
process proceeds to the TEST sub-routine as further described below. 

FIG. 9 illustrates a NEGl sub-routine 370 to carry out a reduction in 
the counts value to clear an alarm condition if the CO level is decreasing. At block 

15 370a, the detector 50 clears the DIRECTION flag and the subtracts a REDCT value 
from an ALARM register at block 370b. At block 370c, the detector 50 determines 
whether the carbon monoxide ALARM is negative. 

If the carbon monoxide ALARM is not negative, the process 
proceeds to block 370d as further described below. If the carbon monoxide 

20 ALARM is negative at block 370c, the detector clears the carbon monoxide 
ALARM at block 370e and then determines whether an ALARM value is less than 
an ALROFF value at block 370d. If the ALARM is less than ALROFF, then the 
detector 50 clears the carbon monoxide ALARM at block 370f. 

If the ALARM value is not greater than the ALROFF value at block 
25 370d, the detector 50 decrements a NEGATIVE READING counter at block 370g. 

If the NEGATIVE READING counter is equal to zero, the detector unit calls 
CLRREG and the process proceed to the SHOW sub-routine. If the NEGATIVE 
READING counter is not equal to zero, the process proceeds correctly to the 
SHOW sub-routine. 
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FIG. 10 illustrates a TESTR sub-routine 380. The TESTR sub- 
routine 380 is utilized when the test switch is pressed by a user. 

At block 380a, the detector unit 50 determines whether the test 
switch is pressed. If the test switch is not pressed, the process proceeds to the 

5 RESl sub-routine 340 as described above. If the TEST SWITCH is pressed at 
380a, the detector 50 determines whether the unit is in a smoke alarm condition at 
block 380b. 

If the detector 50 is not in a smoke alarm condition at block 380b, it 
activates the carbon monoxide ALARM at block 380c, sets a four minute delay at 

10        block 380d, sets a QUIET carbon monoxide flag at block 3 80e, turns off the carbon 
monoxide ALARM at block 380f, sets a counter at block 380g, and decrements the 
counter at block 380h. At block 380i, the detector 50 determines whether the 
counter has timed out. If the counter has not timed out, the process proceeds to 
block 380h. If the counter has time out at block 380i, the detector 50 clears the 

15 QUIET flag at block 380j and turns on the carbon monoxide ALARM at block 
380k. The process then returns to the beginning of the TESTR sub-routine 380. 

If the detector 50 is in a smoke alarm condition at block 380b, it sets 
an eight minute delay at block 3801, sets a QUIET smoke flag at block 380m, turns 
off the smoke alarm at block 380n, sets a counter at block 380o, and decrements 

20 the counter at block 380p. The detector 50 determines whether the smoke is 
increasing at block 380g. 

If the smoke is increasing, the detector activates the smoke alarm at 
block 380r and the process proceeds to the beginning of the TESTR sub-routine 
380. If the smoke is not increasing at block 380g, the detector 50 determines 

25 whether the coxmter has timed out at block 3 80s. 
If the counter has not timed out, the process proceeds to block 380p. 

If the counter has timed out at block 380s, the detector 50 clears the QUIET flag at 
block 380f and activates the smoke alarm at block 380r. The process then proceeds 
to the beginning of the TESTR sub-routine 380. 
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FIG. 11 illustrates a SMOKE CHECK sub-routine 390. The 
SMOKE CHECK sub-routine determines whether the smoke sensor has detected 
the presence of smoke in the atmosphere and initiates a smoke alarm. 

At block 390a, the detector 50 clears a ten minute SMOKE flag. 
5 The detector 50 then determines whether a smoke test is in progress at block 390b. 

If the smoke test is in progress, the process proceeds to a SMK- 
TEST sub-routine as further described below. If the detector 50 is not to carry out 
a smoke test, it checks a smoke feedback pin of the sensor at block 390c. The 
detector unit then determines whether smoke is present in the atmosphere at block 

10 390d. 
If smoke is not present, the detector 50 determines whether there 

has been a smoke glitch at block 390e. If there has been a smoke glitch, the 
process proceeds to block 390b. If there is not smoke glitch at block 390e, the 
detector 50 clears the smoke at block 390d and returns to the beginning of the 

15 SMOKE CHECK sub-routine 390. 
If the detector imit 50 determines that smoke is present at block 

390d, it continues processing at block 390f The detector 50 then determines 
whether it is in a silence mode at block 390g. If the detector unit 50 is in the hush 
mode, the process proceeds to a SMOKE PRIORITY sub-routine as further 

20 described below. 
If the detector 50 is not in the silence mode at block 390g, it the 

detector unit 500 sets a SMOKE flag at block 390h and then determines whether to 
execute a Canadian horn pattern at block 390i. One of the advantages of the 
detector 50 is its ability to store a plurality of horn patterns and use one or more 

25 selected patterns. 
If the Canadian horn pattern is implemented by the detector 50 at 

block 390i, it turns on the smoke LED3 at block 390j and turns on the SMOKE 
BEEPER at block 390k. The process then returns to the beginning of the SMOKE 
CHECK sub-routine. 
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If the Canadian horn pattern is to be executed at block 390i, the 
detector 50 will turn on the smoke LED3 at block 3901 and will turn on the 
Canadian smoke beeper at block 390m. The process then returns to the beginning 
of the SMOKE CHECK sub-routine 390. 

5 FIG. 12 illustrates a TEST sub-routine 400 to test smoke sensor 
fiinctioning. Initially, the detector 50 clears an ERROR flag and LOW TEMP flag 
at block 400a, saves all the data at block 400b, sets up a test current at block 400c, 
and calls an TIMEl at block 400d. The detector 50 then determines whether the 
sensor output is less than a BOTLIM value at block 400e. If the sensor output is 

10        less than the BOTLIM value, the detector 50 sets an ERROR flag at block 400f and 
the process proceeds to block 400h as further described below. 

If the sensor output is not less than the BOTLIM value at block 
400e, the detector 50 determines whether the sensor output is greater than a 
TOPLIM value at block 400g. If the sensor output is less than the TOPLIM value, 

15 the detector 50 sets the ERROR flag at block 400f and the process proceeds to 
block 400h. If the sensor output is not less than the TOPLIM value at block 400g, 
the detector 50 determines whether an ALARM is greater than zero at block 400h. 

If the ALARM is not greater than zero at block 400h, the detector 
50 subtracts a REDMIN value from the ALARM register at block 400i and then 

20 determines whether the ALARM register is negative at block 400j. If the ALARM 
register is negative, the detector 50 sets the ALARM register equal to zero at block 
400k and the process proceeds to block 4001 as further described below. If the 
ALARM register is not negative at block 400j, the process proceeds to block 4001. 

If the ALARM is greater than zero at block 400h, the detector 50 
25 turns on the thermistor at block 4001, calls TIMEl at block 400m, and clears a 

LOW TEMP flag at block 400n. The detector 50 then determines whether a HIGH 
BYTE value is greater than REF value at block 400o. 

If the HIGH BYTE value is not greater than REF value, the detector 
restores the saved data at block 400p, and initializes the WAKEUP counter and 
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restores the TEST counter at block 400q. The process then proceeds to the BATl 
sub-routine as further described below. 

If the HIGH BYTE value is greater than the REF value at block 
400o, the detector 500 sets the LOW TEMP flag at 400r, restores the saved data at 

5 block 400p, initializes the WAKEUP counter, and restores the TEST counter at 
block 400q. The process then proceeds to the BATl sub-routine. 

Referring now to FIG. 13, a block diagram of another embodiment 
of a detector 500 is illustrated. The detector 500 is a battery powered, single 
station, self-contained carbon monoxide alarm. The detector 500 detects the 

10 presence and concentration of carbon monoxide in the atmosphere and provides a 
warning of potential hazardous carbon monoxide conditions. The detector 500 
corresponds in many respects in construction and fiinction to the previously 
described detector 50 except that the detector 500 does not detected the presence of 
smoke. The component of the detector 500 generally corresponding to those 

15 components of the detector unit 50 are designated by like-reference numerals in the 
six-hundred series. As shown in FIG. 14, the central processing unit 602 includes a 
microchip PIC16C58A, available from microchip. 

FIG. 15 illustrates a flow diagram of the general operations carried 
out by the detector 500. The detector monitors the carbon monoxide in the 

20 atmosphere and sounds an alarm if a hazard condition is present. 
After the detector 500 is awakened at block 800a or powered up at 

block 800b, the detector initializes a watchdog timer and initializes one or more 
ports at block 800c. At block 800d, the detector 500 determines whether the unit 
was just powered up. If the detector 500 was just powered up, the detector 

25 implements a power-up delay at block 800e, and then initializes one or more 
counters, clears one or more sample registers, clears one or more flag registers, and 
clears an alarm register at block 800f. The detector 500 then obtains an initial 
sensor count at block 800g and then the detector 500 is put in the sleep mode at 
block 800h. 
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If the detector 500 was not recently powered up at block 800d, the 
detector 500 determines whether to implement a manual test at block 800i. If the 
manual test is to be implemented, the detector 500 performs the manual test at 
block 800j and then the detector 500 is put in the sleep mode at block SOOh. 

5 If a manual test is not to be performed at block SOOi, the detector 
500 determines whether to obtain a 30 second sample at block 800k. If the 
detector 500 is not to obtain a sample, the detector 500 will be put in the sleep 
mode at block SOOh. 

If the detector 500 is to obtain a 30 second sample at block 800k, 
10        the detector 500 obtains a sensor count at block 8001 and then determines whether 

to perform a 10 minute A-to-D test at block 800m. If the detector 500 is not to 
perform the A-to-D test, the process proceeds to block BOOo. 

If the detector 500 is to perform the 10 minute A-to-D test at block 
800m, the detector 500 tests the A-to-D circuitry at block 800n and then checks the 

15 carbon monoxide rate of change at block 800o. 
At block 800p, the detector 500 determines whether to activate the 

carbon monoxide alarm. If the carbon monoxide alarm is to be activated, the 
detector 50 flashes the light indicator LED2 of the carbon monoxide indicator 
circuitry 622 (see FIG 15) and sounds the carbon monoxide horn pattern at 800q. 

20 The process then proceeds to block 800s as further described below. 
If the carbon monoxide alarm is not to be activated at block 800p, 

the detector 50 turns off the carbon monoxide LED2 and horn at block 800r, and 
shows data at block 800s. 

At block 800t, the detect or 500 determines whether there are any 
25 faults at block BOOt. If there are not any faults at block 800t, the detector 500 is put 

in the sleep mode at block 800w. 
If there are faults, the detector 500 determines whether to check the 

carbon monoxide alarm at block 800u. If the carbon monoxide is to be checked, 
the detector 500 is put in the sleep mode at block 800w. If there is no problem 

30 with the carbon monoxide alarm is not to be checked, the detector 500 generates a 
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trouble chirp at block 800v and then the detector is put into the sleep mode at block 
800w. 

FIG. 16 shows a flow diagram of a main program carried out by the 
detector 500. At block 810a, the detector 500 sets a wake-up time (i.e., about 3 

5 seconds for normal mode and about 1.5 seconds for alarm mode). The detector 500 
then initializes ports A and B at block 810b and determines whether a TIME OUT 
bit is cleared at block 81 Oc. If the TIME OUT bit is cleared, the detector 500 
proceeds to a WAKE sub-routine as fiirther described below. 

If the TIME OUT bit is not cleared at block 810c, the process 
~       10 proceeds to a POWER UP sub-routme as further described below. The detector 

500 then waits about 300 ms at block 810d. At block 810e, the detector 500 
i initializes a WAKE UP counter, a SAMPLE counter, and a TEST counter at block 
r 810e. The detector 500 then clears one or more registers and flags at block 81 Of, 
^ clears an ALARM REGISTER at block 81 Og, sets a START flag at block 81 Oh, 

15 and then goes into the sleep mode. 
Referring now to FIG. 17, a WAKE sub-routine 820 is illustrated. 

The WAKE sub-routine is performed when the processor is awakened from the 
sleep mode. 

At block 820a, the detector 500 determines whether a TEST MODE 
20 flag is set. If the TEST MODE flag is set, the process will proceed to a RESUMET 

sub-routine 820b. While carrying out the steps of the RESUMET sub-routine 
820b, the detector 500 is kept STARVED at block 820c and a WAKEUP counter is 
set equal to 1 at block 820d. The detector 500 then determines whether the 
ALARM flag is set at block 820e. If the ALARM flag is set, the process proceeds 

25 to a RESET sub-routine as further described below. If the ALARM flag is not set 
at block 820e, the process proceeds to a LOOP sub-routine as further described 
below. 

If the TEST MODE flag is not set at block 820a, the detector 500 
determines whether an ALARM flag is set at block 820£ If the ALARM flag is 

30 set, the process proceeds to a TESTR sub-routine as fiirther described below. 
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If the ALARM flag is set at block 820f, the detector 500 determines 
whether a test switch is pressed at block 820g. If the test switch is not pressed, the 
process proceeds to a BYEl sub-routine as fiirther described below. 

If the test switch is pressed at block 820g, the detector 500 
5 determines whether an error flag is set at block 820h. If the error flag is set, the 

process proceeds to a RESERR sub-routine as further described below. 
If the error flag is not set at block 820h, the detector saves the data 

in an ALARM register at block 820i, sets a TEST flag and sets the WAKEUP 
counter equal to 1 at block 820j. Thereafter, the detector 500 turns on the yellow 

10        LED 1 at block 820k, waits 100 ms at block 8201, turns off the yellow LEDl at 
block 820m, and clears a START flag at 820n. The process will then proceed to a 
BEEPX sub-routine as further described below. 

FIG. 18 illustrates a BYl sub-routine 840 and the TESTR sub- 
routine 830. The TESTR sub-routine 830 is utilized to determine if the test switch 

15 is being pressed during an alarm to silence the unit and the BYEl sub-routine is 
utilized to decrement the WAKEUP counter to determine what WAKEUP routine 
to accomplish. 

At block 830a, the detector 500 determines whether the test switch 
is pressed. If the test switch is not pressed, the process proceeds to an ALRl sub- 

20 routine as further described below. If the test switch is pressed at block 830a, the 
detector 500 determines whether a QUIET INHIBIT flag is set at block 830b. If 
the QUIET INHIBIT flag is set, the process proceeds to block 830g as fiirther 
described below. 

If the QUIET INHIBIT flag is not set at block 830b, the detector 
25 500 sets a 4 minute delay at block 830c, sets a QUIET ONCE flag at block 830d, 

sets a QUIET flag at block 830e, turns off the beeper at block 830f, waits for a 
switch release at block 83 Og, and then decrements the WAKEUP counter at block 
830h. The detector 500 then determines whether the WAXEUP counter is equal to 
zero at block 83 Oi. If the WAKEUP counter is not equal to zero, the detector 500 

30 is put into the sleep mode. 
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If the WAKEUP counter is equal to zero at block 830i, the 
WAKEUP counter is reloaded (i.e., the WAKEUP counter is set to 10 for normal 
mode and equal to 20 for alarm mode) at block 83 Oj. At block 83 Oh, the detector 
500 determines whether the ALARM flag is set. If the ALARM flag is not set, the 

5 process proceeds to a LOOP sub-routine as further described below. 
If the ALARM flag is set at block 830h, the detector 500 

decrements the TEST counter at block 8301, and the process proceeds to a LOOP 
sub-routine. If the TEST counter is equal to zero at block 8301, the detector 500 
clears the QUIET flag at block 830m and the process proceeds to the LOOP sub- 

10 routine. 
Referring now to FIG. 19, a flow diagram of the ALRl sub-routine 

840 is illustrated. The ALRl sub-routine 840 is utilized to activate the carbon 
monoxide LED2 and horn. 

At block 840a, a TEST ALARM counter is set equal to 2 and an 
15 ALARM COUNTER is set equal to 3. At block 840b, the detector determines 

whether the QUIET flag is set. If the QUIET flag is set, the process proceeds to 
block 840d as further described below. 

If the QUIET flag is not set at block 840b, the detector 500 turns on 
the horn at block 840e, turns on the carbon monoxide LED2 at block 840d, waits 

20 100 ms at block 840e, turns off the carbon monoxide LED2 at block 840f, waits 
about 400 ms at block 840g, decrements the ALARM coimter at block 840h, and 
then determines whether the ALARM coimter is equal to zero at block 840i. If the 
alarm counter is not equal to zero, the process proceeds to block 840b. 

If the alarm counter is equal to zero at block 840i, the detector 500 
25 turns off the horn at block 840j and then determines whether a TEST flag is set at 

block 840k. If the TEST flag is set, the detector 500 decrements the test alarm 
counter by 1 at block 8401 and then determines whether the test alarm coimter is 
equal to zero at block 840m. 
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If the test alami covinter is equal to zero, the process proceeds to a 
RESET sub-routine as further described below. If the test alarm counter is not 
equal to zero at block 840m, the detector will be put into the sleep mode. 

If the TEST flag is set not at block 840k, the detector 500 will 
5 decrement the WAKEUP counter by 1 at block 840n and then the detector 500 

determines whether the WAKEUP counter is eqiial to zero at block 840o. If the 
WAKEUP counter is not equal to zero, the detector 500 is put into the sleep mode. 

If the WAKEUP counter is equal to zero at block 840o, the detector 
500 reloads the WAKEUP counter with a ALARM DIV value at block 840p. The 

10 process then proceeds to a sub-routine MIN4 as fiirther described below. 
FIG. 20 illustrates the RESET sub-routine 850 and a RESETl sub- 

routine 852 of the main routine. At block 850a, the detector 500 restores the 
ALARM value. The detector 500 then reloads the WAKEUP counter at block 
850b and then calls CLRREG at block 850c. The process then proceeds to ALRH 

15 X sub-routine as further described below. 
Referring now to FIG. 21, the LOOP sub-routine 860 is illustoated. 

The LOOP sub-routine 860 is implemented to determine if a manual self test needs 
to be performed. At block 860a, the detector 500 calls TIME and then determines 
whether an ALARM flag is set at block 860b. If the ALARM flag is set, the 

20 process proceeds to a LOOP2 sub-routine as further described below. 
If the ALARM flag is not set at block 860b, the detector 500 

determines whether the TEST flag is set at block 860c. If the TEST flag is set, the 
process proceeds to the LOOP2 sub-routine. If the TEST flag is not set at block 
860c, the detector 500 decrements the TEST counter at block 860d and then 

25 determines whether the TEST counter is equal to zero at block 860e. If the TEST 
counter is not equal to zero, the process proceeds to the L00P2 sub-routine. If the 
TEST counter is equal to zero at block 860e, the process proceeds to a TEST sub- 
routine as further described below. 

FIG. 22 illustrates a NEGl sub-routine to a reduction in the counts 
30 value to clear an alarm condition if the CO level is decreasing. At block 870a, the 



-34- 

detector 500 clears a DIRECTION flag and subtracts a REDCT value from the 
ALARM register at block 870b. The detector 500 then determines whether the 
ALARM register is negative at block 870c. If the ALARM is not negative, the 
process proceeds to block 870d as further described below. If the ALARM is 

5        negative at block 870c, the detector 500 clears the ALARM register at block 870e 
and then determines whether the ALARM is less than an ALROFF value at block 
870d. If the ALARM register is less than the ALROFF value, the detector clears 
the ALARM register at block 870f 

If the ALARM register is not less than the ALROFF value at block 
10 870d, the detector 500 decrements a NEGATIVE READESIG counter at block 

870g. If the NEGATIVE READING counter is not equal to zero, the process 
proceeds to the SHOW sub-routine as further described below. If the NEGATIVE 
READING counter is equal to zero, the detector 500 calls CLRREG at block 870h. 
The process then proceeds to the SHOW sub-routine. 

15 Referring now to FIG. 23, the TEST sub-routine 880 is illustrated. 
The TEST sub-routine 880 is utilized to test and exercise the carbon monoxide 
sensing electronics, while maintaining the previous samples and data acquired. 

Initially, the detector 500 clears an ERROR flag at block 880a, 
saves all the data at block 880b, sets up a test current at block 880c, calls TIMEl at 

20 block 880d, and determines whether the sensor output is less than a BOTLIM value 
at block 880e. 

If the sensor output is less than the BOTLIM value, the detector 
500 sets an ERROR flag at block 880f, and then the process proceeds to block 
880g as further described below. If the sensor output is not less than the BOTLIM 

25 value at block 880e, the detector 500 determines whether the sensor output is less 
than a TOPLIM value at block 880h. 

If the sensor output is less than the TOPLIM value, the detector 500 
sets an ERROR flag at block 880f, and the process proceeds to block 880g. If the 
sensor output is not less than the TOPLIM value at block 880h, the detector 500 

30 determines whether the ALARM register is equal to zero at block 880g. 
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If the ALARM register is not equal to zero at block 880g, the 
detector 500 subtracts a REDMIN register from the ALARM register at block 880i, 
and then determines whether the ALARM register is negative at block 880j. If the 
ALAEIM register is not negative, the process proceed to block 8801 as fturther 

5        described below. If the ALARM register is negative at block 880j, the detector 
500 sets the ALARM register equal to zero at block 880k and then the process 
proceeds to block 8801 as further described below. 

If the ALARM register is equal to zero at block 880g, the detector 
500 will restore the save data at block 8801. The detector 500 will then initialize 

10 the WAKEUP counter and restore the TEST counter at block 880m. The process 
then proceeds to the BATl sub-routme as further described below. 

FIG. 24 illustrates the BATl sub-routine 890 and a Loop2 sub- 
routine 900. The BATl sub-routine 890 determines whether the battery of the 
detector 500 is at a sufficient voltage level and the LOOP2 sub-routine turns off the 

15 IR LED and power LED after a sample has been taken and stores the current 
sample value. 

The detector 500 turns on the IR LED of the carbon monoxide 
sensor at block 890a and decrements a ALARM TOGGLE register at block 890b. 
If the ALARM TOGGLE is equal to zero at block 890b, the detector is put into the 

20 sleep mode with their LED on. If the ALARM TOGGLE is not equal to zero at 
block 890b, the detector 500 clears a LOW BATTERY flag at block 890c, turns on 
the red LED2 at block 890d, waits about 10 ms at block 890e, and then determines 
whether the battery line is at a low level at block 890f. 

If the battery line is not at a low voltage level, the process proceeds 
25 to block 890g as further described below. If the battery line is at a low level at 

block 890f, the detector 500 sets a LOW BATTERY flag at block 890h, turns off 
their LED at block 890g, turns off the red LED at block 890i, and then determines 
whether a START flag has been set at block 890k. 

If the START flag is not set, the process proceeds to a INSPECT 
30 sub-routine as further described below. If the START flag is set at block 890k, the 
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detector unit 500 copies a current sample to a last sample buffer at block 8901, 
clears the START flag at block 890m, and then the process proceeds to the 
INSPECT sub-routine. 

FIG. 25 illustrates the INSPECT sub-routine 910. The INSPECT 
5 sub-routine 910 is utilized to evaluate tlie difference between the previous sample 

and the present sample. 
At block 910a, the detector 500 determines whether a HIGH BYTE 

is greater than an HFAULT value. If the HIGH BYTE is not greater than the 
HFAULT value, the process proceeds to block 910b as further described below. If • 

10        the HIGH BYTE is greater than the HFAULT value at block 91 Oa, the detector 5 00 
sets an ERROR flag at block 910c and then determines whether the HIGH BYTE 
is greater than a RIVAL 1 value at block 910b. 

If the HIGH BYTE is greater than the HIVALl value, the process 
proceeds to block 910e as further described below. If the HIGH BYTE is not 

15 greater than the HIVLAl value at block 91 Ob, the detector 500 sets the ERROR 
flag at block 91 Od, saves a previous sample in registers A and B at block 910e, and 
then determines whether the TEST flag is set at block 91 Of. 

If the TEST flag is set, the process proceeds to block 91 Og as further 
described below. If the TEST flag is not set at block 91 Of, the detector 500 moves 

20        the current sample to the last sample register at block 91 Oh, calculates the 
difference between the current sample and the last sample at block 910g, and then 
determines whether the difference is negative at block 910i. 

If the difference is negative, the process proceeds to the NEGl sub- 
routine as described above. If the difference is not negative at block 910i, the 

25 process proceeds to a POSl sub-routine as further described below. 
FIG. 26 illustrates the POSl sub-routine 920 to determine if we are 

in a high level alarm and a ACC3 sub-routine 922 to add the equate for the 
previous sample to the alarm register. At block 920a, the detector 500 determines 
whether a HIGH BYTE is equal to zero. If the HIGH BYTE is not equal to zero, 

30 the process proceeds to a ADJl sub-routine 924 as further described below. If the 
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HIGH BYTE is equal to zero, the detector 500 determines whether a LOW BYTE 
is equal to zero at block 920b. 

If the LOW BYTE is not equal to zero, the detector 500 sets a 
DIRECTION flag at block 920c and the process proceeds to block 920d as further 

5 described below. If the LOW BYTE is equal to zero at block 920b, the detector 
500 determines whether the LOW BYTE is greater than a SUPRL value at block 
920d. 

If the LOW BYTE is greater than the SUPRL value, the process 
proceeds to the ADJl sub-routine 924 as further described below. If the LOW 

10        BYTE is not greater than SUPRL at block 920d, the detector 500 assigns the 
difference to the current sample register at block 920e, decrements a sample 
register pointer and reloads the register pointer to five when the sample register 
pointer is equal to zero at block 920f. The detector 500 adds the five sample 
registers and stores the result in a SUMREG register at block 920g. The process 

15 then proceeds to a ACCUM sub-routine as further described below. 
During the ACC3 sub-routine 922, the detector 500 adds the 

difference to the ALARM register at block 922a, and then determines whether the 
ALARM register exceeds 255 at block 922b. If the ALARM register does not 
exceed 255, the process proceeds to a CHKRDH sub-routine as further described 

20        below. If the ALARM register exceeds 255 at block 922b, the process proceeds to 
the ADJl sub-routine 924. 

During the ADJl sub-routine 924, the detector unit 500 determines 
whether the ALARM is equal to 255 and sets an ALARM flag at block 924a. The 
detector 500 then sets up an ALARM TOGGLE at block 924b and determines 

25 whether the QUIET flag is set at block 924c. 
If the QUIET flag is set, the process proceeds to the SHOW sub- 

routine as further described below. If the QUIET flag is not set at block 924c, the 
detector 500 determines whether the TEST flag is set at block 924d. 

If the TEST flag is not set, the process proceeds to the SHOW sub- 
30 routine. If the TEST flag is set at block 924d, the detector 500 turns on the red 
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LED and turns on the beeper at block 924e. The process then proceeds to the 
SHOW sub-routine. 

FIG. 27 illustrates the ACCUM sub-routine 930 and a SET6 sub- 
routine. The ACCUM sub-routine 930 is utilized to determine what value to assign 

5        to the lower byte of the sum register, and the SET6 sub-routine is implemented to 
assign the sum 6 value to the low byte of the sum register. 

At block 930a, the detector 500 obtains a SUMREGL value and 
then determines whether a TEST flag is set at block 930b. If the TEST flag is set, 
the process proceeds to a ACC4 sub-routine as further described below. If the 

10 TEST flag is not set at block 930b, the detector unit 500 determines whether a 
DIRECTION flag is set at block 930c. 

If the DIRECTION flag is not set, the process proceeds to block 
930d as further described below. If the DIRECTION flag is set at block 930c, the 
detector unit 500 determines if an ALARM flag is set at block 930e. 

15 If the ALARM flag is not set, the process proceeds to block 93 Od. 
If the ALARM flag is set at block 930e, the detector 500 reloads the NEGATIVE 
counter at block 93 Of. 

At block 930d, the detector 500 determines whether a SUMREGH 
value is equal to zero. If the SUMREGH value is not equal to zero, the process 

20        proceeds to a SET6 sub-routine 930. If the SUMREGH is equal to zero at block 
930d, the detector imit 500 determines whether the SUMREGL value is equal to 
zero at block 93 Og. 

If the SUMREGL value is equal to zero, the process proceeds to a 
CHKSP sub-routine as further described below. If the SUMREGL is not equal to 

25 zero at block 93 Og, the detector 500 determines whether a LOW TEMP flag is set 
at block 93 Oh. 

If the LOW TEMP flag is set at block 930h, the detector 500 
determines whether the SUMREGL value is less than 3 at block 930i. If the 
SUMREGL value is less than three, the detector 500 sets the SUMREGL value 

30 equal to three at block 930j, and will times the SUMREGL by two at block 930k, 
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and the process proceeds to block 9301. If the SUMREGL is not less than 3 at 
block 930i, the detector unit 500 times the SUMREGL by two at block 930k, and 
the process proceeds to block 9301. 

Now, the detector unit 500 compares the SUMREGL to LEVEL 1 
5 through LEVEL5 values. If the SUMREGL is less than the LEVELl value, the 

detector unit 500 sets the SUMREGL value equal to a SUMl value at block 930m. 
If the SUMREGL value is less than the LEVEL2 value at block 930n, the detector 
500 sets the SUMREGL value equal to a SUM2 value at block 930o. If the 
SUMREGL value is less than the LEVEL3 value at block 930p, the detector 500 

10 sets SUMREGL value equal to a SUM3 value at block 930q. If the SUMREGL 
value is less than the LEVEL4 value at block 93 Or, the detector 500 sets the 
SUMREGL value equal to a SUM4 value at block 930t. If the SUMREGL value is 
less than a LEVEL5 value at block 930v, the detector 500 sets the SUMREGL 
value equal to a SUM5 value at block 93 Ow. 

15 If the detector 500 has set the SUMREGL value equal to the SUMl 
value, SUM2 value, the SUM3 value, the SUM4 value, or the SUM5, value the 
process proceeds to the ACC3 sub-routine as further described below. If the 
SUMREGL is not set to one of these values, the process proceeds to the SET6 sub- 
routine 930. Subsequently, the detector 500 sets the SUMREGL equal to SUM6 at 

20 block 930a. The process then proceeds to the ACC3 sub-routine as further 
described below. 

FIG. 28 illustrates the CHKSP sub-routine 940 and CHKRDH sub- 
routine 950. The CHKSP sub-routine 940 is utilized to check if the present sample 
is at a flat level or if it has changed direction from the previous sample. 

25 At block 940a, the detector unit 500 determines whether a 
DIRECTION flag is set. If the DIRECTION flag is not set, the process proceeds to 
the CHKRDH sub-routine 950. If the DIRECTION flag is set at block 940a, the 
detector 500 determines whether a ALARM coimter is greater than a FLATLVL 
value at block 940b. 
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If the ALARM counter is not greater than the FLATLVL counter, 
the process proceeds to the CHKRDH sub-routine 950. If the ALARM counter is 
greater than the FLATLVL value at block 940b, the detector 500 adds the 
FLATLVL value to a SUMREG register at block 940g, and the process proceeds to 

5 an ACC3 sub-routine as further described below. 
The CHKRDH sub-routine 950 is utilized to determine the status of 

the sensor high flag. At block 950a, the detector determines whether a SENSOR 
HIGH flag is set at block 950a. If the SENSOR HIGH flag is not set, the process 
proceeds to the SHOW sub-routine as fiirther described below. If the SENSOR 

10 HIGH flag is set at block 950a, the process proceeds to a ADJl sub-routine as 
further described below. 

FIG. 29 illustrates a flow diagram of the SHOW sub-routine 960 
and a NOSHOW sub-routine 965. The SHOW sub-routine 960 is utilized to 
present the data stream through RS-237 communication to peripherals and the 

15 power LED. 
At block 960a, the detector 500 determines whether an EOL line is 

at a low level. If the EOL line is at a low level, the process proceeds to a 
NOSHOW sub-routine 965 as described below. If the EOL line is not at a low 
level at block 960a, the detector 500 switches a SERIAL line to an output at block 

20 960b. 
At block 960c, the detector 500 clears a SYNC bit, waits for a 

predetermined amount of time, and sets the SYNC bit. The detector 500 then sets 
an REGC register equal to the last register plus 1 at block 960d, decrements the 
REGC register at block 960e, and then determines whether the REGC register is 

25        equal to zero at block 960f 
If the REGC register is not equal to zero, the detector obtains the 

data pointed to by the REGC register and then the process proceeds to an XMITR 
sub-routine as further described below. If the REGC is equal to zero at block 960f, 
the process proceeds to the NOSHOW sub-routine 965. 
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The NO SHOW sub-routine 965 is utilized to determine if there is a 
low battery, error or power up flag set and sound the correct horn pattern. At block 
965a, the detector 500 determines whether an ALARM flag is set. If the ALARM 
flag is set, the process proceeds to block 965b as further described below. If the 

5 ALARM flag is not set at block 965a, the detector 500 determines whether an 
ERROR flag is set at block 965c. 

If the ERROR flag is set, the detector 500 issues a double beep at 
block 965d, and the process proceeds to block 965b as further described below. If 
the ERROR flag is not set at block 965c, the detector unit determines whether a 

10        LOW BATTERY flag is set at block 965e. 
If the LOW BATTERY flag is set, the detector 500 issues a single 

beep at block 965f If the LOW BATTERY flag is not set at block 965e, the 
detector determines whether a START flag is set at block 965g. 

If the START flag is set, the detector 500 issues a welcome wake-up 
15 chirp at block 965h. If the START flag is not set at block 965g, the detector 500 

clears the START flag at block 965b and the detector 500 is put into the sleep 
mode. 

FIG. 30 illustrates the XMITR sub-routine 970 to synchronize the 
data stream. At block 970a, a REGC register is loaded with 8. The detector 500 

20        then rotates the value of a REGA register into a CARRY bit at block 970b and then 
determines whether the CARRY bit is set a block 970c. 

If the CARRY bit is set, the process proceeds to block 970d as 
further described below. If the CARRY bit is not set at block 970c, the detector 
500 sets a TRANSMIT bit a block 970e and then determines whether the CARRY 

25 bit is cleared at block 970d. 
If the CARRY bit is cleared, the process proceeds to block 970f as 

further described below. If the CARRY bit is not cleared at block 970d, the 
detector 500 clears the TRANSMIT bit a block 970g, waits a predetermmed 
amount of time at block 970f, clears a SYNC bit at block 970h, waits another 

30 predetermined amount of time at block 970i, sets the SYNC bit at block 970j, and 
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decrements a REGC register at block 970k. The process then proceeds to block 
970b unless the REGC register is equal to zero. If the REGC register is equal to 
zero at block 970k, the detector 500 sets the TRANSMIT bit at block 9701, and 
byte has been sent, continue. 

5 FIG. 31 illustrates the TIME sub-routine 975 and the TIMEl sub- 
routine 977. The TIME and TIMEl sub-routines are utilized to take a carbon 
monoxide sample. 

At block 975a, the detector unit 500 turns on the IR LED, sets a 
TRIS register to remove capacitor discharge, removes test current source, and 

10        enables the photo diode power source. At block 975b, the detector 500 clears the 
time counters, a RTCC bit, and an OVERFLOW flag. The detector 500 then 
increments the time counters at block 975c, and then determines whether the time 
counter equals an overflow value at block 975d. 

If the time counter is equal to the overflow value, the detector 500 
15 sets an overflow flag and sets counters to FFFF at block 975e. The process then 

proceeds to block 975g as fiirther described below. If the time coimter is not equal 
to the overflow value at block 975d, the detector 500 determines whether the 
RTCC should be incremented at block 975f. 

If the RTCC should not be incremented, the process proceeds to 
20 block 975c. If the RTCC is to be incremented at block 975f, the detector 500 will 

turn off the IR LED, disable the photo diode power source, and restore the 
capacitor discharge at block 975g. The process then will proceed to the beginning 
of the TIME sub-routine 975 or TIMEl sub-routine 977. 

FIG. 32 illustrates a DELOOl sub-routine 980. The DELOOl sub- 
25 routine 980 is utilized as a fixed time delay for the microcontroller timing. At 

block 980a, the detector 500 loads a REGB register with 71H, NOP at block 980b, 
decrements the REGB register at block 980c, and then determines whether the 
REGB register is equal to zero at block 980d. 
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The process will proceed to block 980b unless the REGB register is 
equal to zero. When the REGB register 13 is equal to zero, the process will return 
to the beginning of the DELOOl sub-routine 980. 

FIG. 33 illustrates a DEL255 sub-routine 982 and a DELPROG sub- 
5 routine 984 for a fixed timing delay on the microcontroller. At block 982a, the 

detector 500 loads a TEMP register with FFh. The detector 500 then calls DELOOl 
at block 982b, decrements the TEMP register at block 982c, and then determines 
whether the TEMP register is equal to zero at block 982d. 

The process proceeds to block 982b unless the TEMP register is 
10 equal to zero. When the TEMP register is equal to zero, the process returns to the 

beginning of the DEL255 sub-routine 982 or the DELPROG sub-routine 984. 
FIG. 34 illustrates a CLRREG sub-routine 986. The CLRREG sub- 

routine 986 is utilized to reset the microcontroller at power-up, and ensure LED's 
and horn are off. 

15 As shown in FIG. 34, the detector 500 clears one or more SAMPLE 
registers at block 986a, clears one or more flags at block 986b, sets a START flag 
at block 986c, and clears Port B at block 986d. The detector 500 then turns off the 
red LED2 and yellow LEDl at block 986e. The process then retums to the 
beginning of the CLRREG sub-routine 986. 

20 FIG. 35 shows a Ml 6 sub-routine 988 to add the determined weight 
to the low byte of the sum register. At block 988a, the detector 500 adds W to the 
SUMREGL register. The detector 500 then determines whether a CARRIER 
register is set at block 988b. 

If the CARRIER register is not set, the process retums to the 
25 beginning of the Ml 6 sub-routine 988. If the CARRIER register is set at block 

988b, the detector 500 increments the SUMREG register at block 988c and then 
the process retums to the begiiming of the Ml 6 sub-routine 988. 

Although the present invention has been described in detail by way 
of illustration and example, it shovdd be xmderstood that a wide range of changes 

30 and modifications can be made to the preferred embodiments described above 
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without departing in any way from the scope and spirit of the invention. Thus, the 
described embodiments are to be considered in all respects only as illustrative and 
not restrictive, and the scope of the invention is, therefore, indicated by the 
appended claims rather than the foregoing description. All changes that come 
within the meaning and range of equivalency of the claims are to be embraced 
within their scope. 


